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(57) Abstract 

An amorphous insulator (4) is formed on a substrate (1; 1, 2, 3) 
and has windows where the substTate (1; 1, 2, 3) is exposed. On the 
exposed parts (40) of the substrate and the insulator (4), a compound 
semiconductor (5, 51, 52) containing at least nitrogen as a constituent is 
formed to form a semiconductor material (1, 5, 51, 52). A semiconductor 
device is fabricated by processing the semiconductor materia) {L 5, 51, 
and 52) or a semiconductor material (6 and 7) formed on the 
semiconductor material (1,5,51, and 52). 
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m m # 

5 tuffiftm 

*$£Wte. B, Al, Ga. In, T 1 te&mmil &7C&©4>tt < t 1 S 
£N, P, As, Sb, B i t&&mmVWt3k<Z)'Pt£< t h 1 »^&«fJ8fe$n« 
III -VR^«|iN?f*©3BI&J5KftlC^^»). <BMC7x7jil& (hexagonal system) 
cD^it^-r^aXfiV^^i LTN (mm) 4^:i*<S»§ft5lli 

io -v«Ht£«3 cot, aft«j¥3M*) ©fea*sjit-i-«twa*Lt^iiiatssw 

15 

j£f£. Gain N/G a N/A I G a N*m*ffl^TWfeSftffi«©3fc3fr£?f 

t£S&643£(1994 *P3 . 1687-1689 H (Appl. Phys. Lett. . Vol. 64(1994), pp. 
1687-1689 ) (8*1) #Of|C^tfe»67#(1995 *£9 . 1868-1870 H (Appl. 

20 Phys. Lett., Vol. 67(1995), pp. 1868-1870 ) (13*2) N X • 

+ -*-Vl/ • • 4 K • "7 -f y ^X|*^34#7A^-(1995 f£7 J§) . L797 

-L799 M (Jpn. J. Appl. Phys. , Vol. 34(1995), pp. L797-L799) (IH^3) . IsJSS 
^34#10B ^-(1995 *£10J3) . L1332-L1335 W. (Jpn. J. Appl. Phys. , Vol.34 
(1995), pp. L1332-L1335) (IB?M ) &t>'l-|Wif£m34^11B -^(1995 tfUR) % 

25 L15I7-L1519 H (Jpn. J. Appl. Phys. , Vol. 34(1995), pp. L1517-L1519) (ga¥ 
5) l;:ffl$$ftT^£o 

(a 1 2 o 3 ) &^\z±M<D&iim#mftfrbteZ'<v7Tm&f&j£L. 
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¥4 - 2 9 7 0 2 3 mtflZ*<Dftm&mtz2><%M¥-l - 3 1 2 3 5 0^ 

&«<fc*©^#Bto«fc£#SM&*F5, 2 9 0, 3 9 3^£«) SO'#r^¥4 
- 3 2 1 2 8 0^*^$;ntl^ o 4$&8¥4 - 2 9 7 0 2 3 ^SW<ifc* 
tZtZZlzXML t77^7SS±l-GaxAl 1-xN (O^x^l) 
5 5»l©S^^ae(*S*Cnt»©»jSl«I:*?fifi© 3 0 0-7 0 0 fXfJBfifc-rS 

<t. ^teftJB*<»&nSo c<z>^en;i±tci ooo~io5 ot©flS-e*2 

15 *SCim¥5- 10 15 8 m&mzmTTsZtl-C^^o Lrt^U C©£#g 

20 ©gjb^WWf K&A$ti£* + 'J T©****ll*6*raH*^UTt^o CCD 

MgAh O, a C 1 f ^if il©M g O^^Stl'Sl -e©Sfe±fc 

itmtis—rtt^ K • 7 y -y ^ X * b * -l£ff568#(1996 *£4 J?) . 

25 2105-2107 H (Appl.Phys. Lett., Vol. 68(1996). pp. 2105-2107) (K* 6 ) ICT 

±ie«S^^^nU\ A^fSS? (hexagonal system) ©*§&«&&££-*-* 
III -V^b^¥^XtiV^5t;^tLTN £&t;Z. ttf&mZtiZ 
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5 SifiCree Research, Inc. £ North America Phi 11 ipsfr£<E>&|oHiff&tc:«fc 
5 0f) S7I (NIKKEI ELECTRONICS 1995.12.4 (no. 650), pp.7 ) (IB* 7) 

^^Bgo^iCDg^Ji. av£&& (hexagonal system) 0>#£ii 4 3Sit£-^N"6 
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^@©^XHC©a&fPtc^S^r+U7<D^feL< (mobility) £S 

^tSCttC^So SP^. *3SW©tt2©Stt©HSffi*<Bfe^«JfcU 

10 i. ma 

*»93*©— Ate* #tfil«©fifcfl^»©&«<htt*#*I¥7 - 2 3 8 1 4 2 

Bll*#JHLTIftWatx (OOOl)C B^-TS-b-^r^T (fl-Ah 0 3 ) 
'ffl^lSfil±t:, ft 1 ©&fk«B¥&(*JS (GaN^777®2, nSG a N 

15 tt&&JS3) musses -t±\ efcrc* i ©^tw^^a±i-iftityi»iwR , 7x 

tf £*U d©«ffi*7?tt«f 1 ©fcftto¥3MWB©±ffi (nIGa NttSHftJS 3 © 

JB_h) * 2 ©fcffc1»¥«l*MI (nIGaN«!5) frMiRf&&ZnZ>o 
20 tt*>\ El 1 BteigMfJK^X:? 4 ©¥ffi£-. El 1 AU, Bl 1 B© A — A* WrS*^ 
-To 

fin*., A^aiiE-r^wfr^-^^tis ^2©i«M 

©isaRfes©«^jatfiia«*±^©afiR«*^Kttit-& naiG a n^»s 3 ©^ 

ffif'Pg^LT. *©3&5£fttt£/&&£&i££S-£"^ » 2 ©Stt#tf£3M*g 

»T?ifM»K 4 _h-e©;&g£Mte$-££ <t z.h\^m%.^^ ho % 2 ©gtt«a^ 

(Wll*. fi* ©38<S«*^*tU LfcfiR»©M*^«UBI 4 ±®{c*t LT¥n^(S] 
ftO f «cSjfc#|6HCJi# , tf'& J: o icjsfcfi^Sfci^ /SSI^B&PJ— ©®f*T?a.oj^| 
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p y tnmu znzmmm*foK®Mi^ttmn&Mmm. (tem> t? 

15 a^^SPtCT^ 1 (O^tW^iOli*^^ UfcSB 2 ©StfMStfyfiWB© 

«fft^Fft*at«±^ cnt-c^nti^io^i 0 9 ~1 O^m-'OW 
20 i^:i^So awr-rtitf. s i o z ±®»2©a^k«B¥«flcBt=at»n4^ 
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a. i Bicj*i«aa-e^-r) t'2oo»^si, m^m±.mm.<Dxmm 

+ tiR^-rn^s *©<«*©XWB«««>fi2Fttc«i^r|SlJBi^{ctiXPiBA< 

itm t *a ^ ^ ^ i v aa*ui©*siiiiRS©ttjf »c cfc & t> © <t tsm-v £ 6 o 

io cD^ffi*^^^M©^@e^j^{»oT^i^ (fin*.. ^^ffiic*tL^iiD^ 

m^&nmattttji&nmtL^Wjfo (bps* mmmMm±m^.«& s m 
wis]) icfifcg-rso fcs-rntf* ^b^&#<£iiSiifi£g^ »««©b^s 

:CT\ cWtUTx^a^SfeSc^^M (unit cell ) OKl^Bi^iJ*^ 

hAO cbLT^te^nS (a, 0*. a 2 $u a* Mfel3ttlwft8E) o EI 2 
T?(±. Ill SUSlP (Ga, Al^) &t=i$LX\ VmW^ (N, Asf) ZmtLT' 

25 Wu b*du C^{iii^[100] x [010] % [001] ^Sft»[a,b.c] tLT&StlS 

Hg&£>(oooi)®±^ c Sfcfrisjfci t° ? * : s + ITi ' £ c <fc frmMX" g X 
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z»mmv>&8M& (#asixi*«tea) &t>'Mxti: 

5 H3 A-3 Etw^«t9^7r-rTaMRl©(0001)C B±*CB^ 

£135 4 0**r^-4»ilWR4*JBfifeXtt««U ±J6©W*l/-*f*?tRI»i: 

: |fei»JR*^aK©S i Oa x S ia N* (S i N. ) , S i O* : 
10 P 2 Os (PSG). S iON&tfTa. O s "PfcU ttl^iK^fifcStlfcSMk 

*DJI 3 : »IMia«teft#»*tf-« S i C*B a T i O, T1i> 3fcfk«s¥a»tt 
15 jg<Dj$ft*<g$*tt (-^r^TgfcLt) iRI«ftclft«aSLtT?t>H*&Lyio M*b 

ft A 4 *7r^T*«©«iB*Ga'i**>'IMtT?8IJdWt-*»BT , k 

fcS4k4&*i«wJH©ttafciM^ 

(1 0 s ~1 0" cm" 2 ) :i*<WWLfcc 
25 1 0 8 ~1 0 ' 1 cm~*<0%ft(OWIi<OWtoifi$.btltz.o £©^Hl-ol*T 

^H2 : a-fk«!i^***:©tea«. Tifet^sifessiR^aKT'&si^pfi^® 
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10 »ftLT0j£3ftfc#aRS i O* 011 0 1 COS i 0 2 J&tc:±i£©@ 

"$&c*ms i o 2 noaLA^rjdtsaft 1 0 3 0°C<Ct%t3>. 

15 th'J^ f\rt/*f U A (TMG) ©jyx£0tt&-r*<i:, i&OIIWSi&^r+HjfcA 
ft &M<D*9b&trt* * iz&LM: L fco d ©*$£ll©tifr ffi^r T E Mt$3£ LfciC^ 

~4 EM-r/l'Ttt* Calf (III WiTtR) £fi*U NI^ (VJJItg*) £^ 

(atomic migration) > 'J 3 >©lHH-i>^tf7 x#c>Xt- y7£?fj 

S i^©^Sto^il^-5o *H^Tti. *ae©««iBI±iwGaJl^ 
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<D£o\^ III ^7C^©GaM^*rLTS^m^^L^9V^xi^©N 
m-l*. Ga:N=l:l £>fb^Sfftit<D'<7&*&fc\ fiP^^^^^S 
Ci7?SSc^b^4 (EI 4 B) o 

G a ttjfttc&£ h N«£^ttfb£4&©£Jfe*l:*iK & * fci&fca^teSIiJWttETiJ* 
10 «3ftJfc«cifi-3<<, ffiU GaliR^*>N®^t>lfe«K±»w*s^Tai^i*K-T?Ifr#® 

15 frU G a N**Sai4Afltttt©»«*«^^«2^^* (0 4 E) o ^_h© 
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5 ^mwm^mmm.&nm km lxm * m * :tci xm^$m 

Wte,cr>$&$<D&M$ i K'BL^&t;& r> lent*, :nc J: K>MJ](D&mmK&^~af£ 

'mmmu m^t^m^t^t Lx^ti^mnx^m-^^ttm^t 

Ga, In, T 1 2&x$S®'>*£< £ k lltN, P, As, Sb. Bi 

jJrSPHH - Vllb^^t* 0 loA^ (hexagonal system) £>#£ii£ 

i : mtfu&Rt LX'j>tz < t bmmz'gvii&va^tetDft&fr s> 
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t VK5c*^6>»Ji£Sn-Cl^ - t*«ftitS *>©o 

III £t>*>«\ Ga, A 1, In) ©'>tt< t 1 «<hN OS£) 

2. ^#^S^©fCffl 
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25 afcPfetB&A* 1 0 8 ~ 1 0 11 cm~*T?&£o 
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*fel*R±«S t«ii fcf * * •> * vUfifeS $ -a-ntf , 3 > * ? b Jg^© P MXtt n M 

^-ra^it (BH^iSCBuried Heterostructure)) ^©X h^:/*8i£^J:o 
20 TSBXte^rtSB Gttf'f KJi^^^v KJS4 3 ) ©^#*U-?£j£LT&cki<\> C 
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±«KjBfifc£ natter s - >nj5fcs$nA:*gajBtc*as*aA l>a 

10 S tittle ^^r^TS^(cR^SiT^W^S^ffl^^t^cD^»rgic 

^gtCf«ii-£C <h*<T?# So JE£il3fcZinc Blende 

fflUfciii:!! g&ffi#&£(lll) iiLTfc(,« coSS±(:xh7^f^i 



Page: 16 



WO 97/11518 



PCT/JP96/02663 



S i* * a&© iftlH * + * ^ £ # * ^N?#B *i|fe»ffll±« tcJB/fc-r S Z. <t *<2 * L 
10 (HEMT : High Electron Mobility Transistor ) KSUBt" So 

tf fft** 1 ? (LED) > ftfo&Bfc. jteSSMS^ BFr 
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ESI Ate. **18icJ:*3*MWU-1?*^©*T^O«WriB (Ell B©A- 

is bi i bub i K<o9m&\'— r&^cotiim&tm&m-f&i'efrZo 

E9 3 A~ 3 Eli. *Xqg©tgilJi££&ft 1 KM LT*£flJ^*B*#^JWK*-*- 

Bl 4 A~ 4 Eits *»M©a«A»-»a*»H*a©IMWRJi-T?©G a N*£ 
20 afigfi«r^Wfl*»C^-ria^**« 

0 5 A - 5 Dtix *«?B©*gilBJcftttflir 2 fcH LTteSfifca«:«r^JWlc*-r 

25 El 6 B te*mft&W<D~$Zl&mv>M%TffiMT'&2> 0 
H6CH 4^t{*ftR©«s©^BJcW©*HRBI-P* > S«» 
13 7 Art. *«9j<z>Hlfe0! 1 ©^##*^©«Bffl5©— W£^*iaT*&Sp 

El 7 BliBI7 A©*W<cBjgfe$n*«y»JR'V^^©±®BI*'??**o 
El 7 Ctt*^©te©fl©«*rB5Erc*4o 
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m 8 a te. *mmnmm 2 <D^mw^^-^(om.wrWv^ s 0 

El 8 Bte. EI 8 AcD^W^^^tl^^M^X^^iSlgl-efe^o 
El 8 Cte. ?^©fife©0]©*KBfr®ElT'&&o 

El 9 Ate. *^©||»J3©^^^©--^©W®EI^*^° 
5 §9 B teH 9 A©&^*K^£ftSi^J^X*<£±™"?#>&<> 

El 1 0 Ate. *IBW©iailW 4 ©^^^^©^^l®m»fffiE|-e*5o 

Ei 1 0 Bte. ei 1 0 h(Dn^mm^ti^^mm^^^^>±Mmx^^ 0 
mi 1 Ate. *»wo^f»j5©i|**3fe*^©— «©«wfifiH"r**o 

10 Ell l Bte. Ell 1 A©*^+l-^*ti«ft»J» , 7X^©±iSBI'?f*So 
Ell 2 Ate. **W©iaSW 7 o^iW***? ®-«o*»rSiB , T*5 ( , 
Ell 2 Bte. Ell 2 AO#Wtc^RJt$nS^iHt^x^cD±®E|-^*.^o 
El 1 3 Ate, *36W©*JfiiffI 8 ©¥©##f£?©-M©*at&rffiEIT*ifc£o 
" Ell 3 Bte. Ell 3 A^^J-^^n^iSl^lv^^^-tffiEltF^So 

15 Ell 3 Cte. 3&=F-<Dfe(Dm<Ol®8Tft®~e&&o 

Ell 4 Ate. *fftW©»W»©^5M*** : ?®-*W©«t»fBBBIT?*So 
Ell 4 Bte. m=f^iz.M^ti?>^m^^^±MM^7jk-to 
Ml 5 Ate. *mR<0$mmi 0©W##*^©-fl®*Mfr®Bre* s ° 
El 1 5 Bte. H I 5 A©*?-4 l K^$nSI6«»vx^©±iBia-C*&o 

20 m 1 5 cte. ©ftiz©#]©*8a8r®l2-efc&o 

E 1 6 Ate. 1 1 ©*S(*** : f®-Wo«»rBBl'e*So 

Ell 6 Bte. HI 6 A©* : ?-4 J l^^nS»IWR^^^©-t®®"^**«» 
Ell 6 Cte. *^©flb©ffl©«t*flfiBI^*So 

Ell 7 Ate. *«W©HJte«l 2©¥^ttft^^-^^®^ T '**° 
25 El 1 7 Bte. Ell 7 A©*^ti^*n**fttW!l^^^©-tffiSI"^*»*» 
El 1 7 Cte. *?©{fe©«©«t*rfl5BI**'*"<> 

Ell 8 Ate. ^©^IMl 4©^f*3tm^ 1 ©-^l©^»r®El-C : *So 
Ell 8 Bte. ^i:«tl^lfei^x^±®^* 5 ° 
Ell 8 Cte. i?©t©^]©«IBI^^to 
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01 9t±. mmm^&m. (tem) iz^toimztifrmzDtzm^i-zwn 

g!2 0(i, £M^gS&& (S EM) ICfc9SHe$nfcEI5 CtCfi^S^H 

10 i > 

>f 1 CD(0001)M_bicS iO, JR*J^Bfe-*-&o colitis ^Jx-tf^y -> 

-yg? (HF) (i 7 f t>h) JC<fc£ S i O* &<D»i> 

20 2fc«D# 3 «DIg*^ S3 A~3 D^#KRLT^-rSo $2 0117 

»e>n*:B£S«4 OWS i 0 2 JR4 S i O* 177? 4 t^-SO tm 

fcU *«f<©t>03WB» s P L 4 - 1 6 4 8 9 5^ (^B^fF^S, 334, 277 ^) 
3ttTUS*<s *3fiW#t±JBEl¥©MOCVD»lf^JfflL. H*4#x©&&8&cd 

(760Torr ) iZ LT\ CCD*p(CT >^&— T (NHa ) #X&&#2~5 'J -y hA> 

(2~5 SLM) x h 'J /^WrtfU ^ A (TMG) #x£lg##j 1 0 c c (10 

s c cm) -raMftWlifltt&U '^rt^-tr-v h r << TUMS^fiJcSfiS 1 
0 3 0tC»l/:o 
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H3 3 A- 3 Cte. ^aoMtwfc^sa-fktt^ltfcSGaNteacOfiJtS^ 
^m^'to *1\ g£36M 0 rttt 7 7 7SSIffi±i:G a NO^ D B D 

5 OfiWf&ZnZ (0 3A) o ZCDmmt&fo-tlZ.&KfrbssPi&frlL^&OlZ 

5 (sem) -esiststx »«rft#«cctt*isi*<tirt>^^-r^«cit*<iti87?^ 

15 S&4 0 ©^tC?&-5's-rcr^tr^^'>-i'^aB5 1 tDfldffi£:#rfcttJE£&l£® t LT 
£6 (S3C) o Wfc* S i G-2 Ig^X^ 4 ±®('M$tiS G a N^iiig^ 

S iO* J|7X^li:M^/:I«™i:t^it^-> + ^5 2 £ 
20 nfc& 0 S3 COtMBI^S i 0 2 Rtx^ 4 JiBfll*^M,*<t. 
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5 2 &&&xm<?>®mi)<%m^"c i^ii/: 0 m 1 9 it. m 3 d 

5 £>&j£ii£#J<Z>£Si£ (El 3 D0^DXt7 + ->t^HU5 1) 7 1 0 8 ~1 0" 
cm\ £#j©figifS (SI 3 DO*tib'^*i' + ^5 2) 7 1 0 4 — 1 0 5 
cnT^eiafflT&ofco £^ J&&iSSJ-*>tf 5G a N*§glTO<E>^#te**;r. 

■ en t (2) ui^-r^n-fc^srstiirr&o 3R^©8tm<tfc. **ri + 

15 /USB 5 2CD^*TOL/ctcDT'^S^ «iltft7 r -i TXfiA^H&O&H, 

ti&^Kfe^Tli, -ex * 4 iilcfctf S^cd^«1^UiSU^S^ 
T^S&^n- 9^*^^-51216 A (2) Oififc4«ffltSCt*<atLl» B 
E!6A© (1) &tf (2) it. ffil O^J&Lfc&K^SWlSllw^r 

25 l/-1f*^F(i, 77? 4±{dB^t^tl^^- : ErXt°^ + ->-f (GaNf) ten 
maPf&to*: K-yUcnl?? y 6 2inS©A 1 «. , S G a o. . & NJi*^ 
■ti&HMBLM 6 3 . T > I n G a N^SM^FS^ ^K&fe&M 6 6 , 

pSOAlo. .sGao .sN^btf^ii (EJ^-tir-f) , pSOGaNi^tf 
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£ti. 0 6 ACD (1) (2) A^W&^T?*6^o fcfc* HJ6 A© ( 1 ) S. 

(2) <Dfi£SWfilC*rt*TW:x iM*©* 1 ? KW*> BJ^CaSfi 1 * hf> 

10 <DX*&2> 0 

' *>©"?&&<> 
SiO^lOl TOtSo i^iC^ 1 ©lit LT. S i 0 2 BtklcG a 
13 5 A (1) tc^f ct-5^»r®^^^S^;^^'Jffl^So CO^iiS iS 

25 **W7 6 0TorrUi»5£LA:». i£®£g£4bL*:S i *«U 0 O&tm+Zo & 
h 'J tort (TMG) #X£±»&^>*^ 1 0 s ccm^« 
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ictmg^s i o t «si o 1 *ffi±<c«*&"rSo :ma!), S i Oz m 1 

^©G al^©tt*liHR±4WihT3 &o 
5 «2 0XliT«s M{-T>*-T (NH, ) #x£TS5flfcfc^'f >*^2~5 

f$i:s ift&i o o £*/u^£>#n o o o °ciz1m&-?2> (Hi 5 B#JKD o 
icJ:^ SJEEfcftg^&JcG aN^WI«L, Txft&tt©*^ 5 
4*<S i O z II 0 l±(cM^tl-S (0 5 C) o SI 2 0 fcL SI 5 CfcJgi^S 
10 jUtt^SBttft (S EM) ^H-Zfdb'D. S iOz 11 0 l±lWtl/:GaN 

^u^#(i*g^5 4*<s i0 2 n o l^ffi^ttfca^ffiiKissfifcS 

£rJti6. *SH5 4 tltt^S i0 2 Rl 0 1 WMfc-yf 

"is i ^^t>^sgiJ©^{*^^fife^--5ci^*i^^-6o :©j;^j:f 

d: -e©gKt&(alS& 7 0 © S i &WL 1 0 0 _htc* / U > y * JcJFM^S C t *< 
T?S5„ C©ig£. ffiWsIBT 0*«/S-rS»*tt^*#««r*»«|ifi5. 5©T 

^2©IgCTS iOillO l$@(wl£il5 4£«MtePS<9 (fiP*». 
HF^©x-yf + >^S i O* J^l 0 1 £&J*U I£I5 4tS iSfel 0 0 

25 c©S^TO(i> HtW»^t7 + -/t«fflSIt LT*t>fttm> 
-St^tl^S i C X. >0 t><£teS^W5!&**<ffi^ 0 fitoT, S3©IiTSbn5 

T'S i k ©t?*> &o 
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(pseudonorphic device) *«fifeLfci*fe. fc^ft&H^Alcfli^fllJifcfiS 

£g]5A (2) ^«LT^t^» ^B«:*Sfi©S iO 2 I10 1«L 
10 fcSillzlO Ofc-fc-f^fffitftfrSa (S IMS) KttKU Ga^t> 
^MUBE 1 kVs IfcltB lxi0 ,3 ions/cm 2 -eSiO 2 ^®t-M#t 
Lfco CI^iHfflLfcS I MSli. — Aftfcs t a t i c SI MSi^lftlSfe 

' M S temift&Jg 1 0 _5 ~ 1 0"Wcm ! <D**>$:0. 5~5 k eV©i* 
15 ;l^-Tf**4t-JTO3-6^ Mo&M<DS I MSi:liMS 1 ~ 1 0 0 mA/ 
cm 2 (D^fft 5 — 3 0 k e VO^*^-*^***-* k©t>*5«. '&%<D%t 

S i O* M^OGa^^I^ -ft>h'-AOig^S i O* flg&S 

5 3&}&j£Lfc8L S iS&l 0 0&S I MS^BRDtHU ±^©-> + r 7- • 

25 (N» ) >>£*l"C*5*K £fcT><-f-+ ' Mifl-£ttTt>£«> S i 

SK^-7-^7FRiiL» h'Jyf^'^^ (TMG) *fx£ 
Jr.SP&&^-r I 0 s c cmT\ TV-* -7 (NH> ) #"x£TSM&*£5 -f 

0°C{C»-TS (EI5BSJ8D o «^ ±kE^^2^XS<!:|5]L:T'*>^»o 



Page: 25 



WO 97/11518 



PCT/JP96/02663 



&±lz&^tiJX>t'-^-?&&BJ#.tZ>?]&T'tt. static SIMS 

feasts* 3 ) iz&-t¥Nnmfrzt>^ tmmm&iim^isL'fex*&z&^ + 

<H»jl > 

*fSIB©^{*»B©— 5afel»l*BI 7 A&t^BI 7 BCckO^^-So El 7 A {3 
15 fc^Xs #J>Ltf(0001)C ®*tW7r^7 (a-Al 2 0 3 ) ^SSIS 1 ±1^ 
CaN '<vy 7 m2, nMGaN 3 *-p*«&KSUBJ5feS*C«J:0*Sa^tS 

iM^IVZi'4©>^-> (BM*«I5) 4 0?:'JV/57-f-tx 7 f> 

20 l ©(H-20)Affi<»:TO^75rS|l-l5^LT*J<o 

TM$tl/:2oc?)Mt^LT, nSGaN #*Mfc»5£SlRJifc£U **tc 

GalnN KmmM^WM^ t>tt 5EII^Il?#PSftI 6 . p^GaN ftafcjft 
25 «7, pSGalnN hJB8£JIR2fe8£tf&o fcK-x 'J V ^5 7 4 -t-«fc »K 



Page: 26 



WO 97/11518 



PCT/JP96/02663 



5 1 0"/cm 2 <D$gffl-e&£©tc*JU lfeil?X^±tlit^ih^ + yt^ 

If^afcKaS©*^ 9 & 1 / 3 —1/4 IC^Tr^T'^/Co 

~&?Hg&&M:4 1 0 — 4 3 0 nmffiilTrioL 
15 * fc#*ifcW©£JB0l&EI 7 C (H7BCB-B' (Jfffi) J-Ji^lfea^-r^o % 

Tl/-«L, t^fc(^^lMti 4 1 0- 4 3 0 nm©«*^fco 

<DlJte#]2 > 
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$ * icenm-eira^Tifrfp ^sct^t^ fco - ©is*, nmm 1 £ o ^ 

^(i. tIi:fc^T%Itl4 1 0 — 4 3 0 nm®5Effitb- tflttflFLfco 
H8Clcti. *S£MHJiJ©asJKW*»rffiKn?*"#- (B8B©C-C Bfrffi) „ % 

?(Dft§iiTMte&tem& a ©«^£isii: .a e Lfcsu mi c 

5£Jg&:g:4 1 0~ 4 3 0 nmOSSIBT'l' — 1f«lfTFl*fco 
25 <H«J3> 

H9 AtiH9 B©D-D' ftrfi) o i^©^J&te^£«l 2 {c*Jt^^El8 C £|5) U 
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10 nrtfe-t?**)* S«l«il[U/2Hl/3i:fi«'e*fc. ** : ?-t±. SfiKfci* 

T2£iS2£S4 1 0 — 4 3 0 nm®eSBB-Z?L' — "0 f lMfcL*Co 

20 Aft«S©^lwLTRUWW«Cl9:^Tl^o cnt^to* ^Hzmm-t zsmzw 

^LT-oCD^&JB*f6*?£i4JI£?Bft*o «r»c/cS-ft^Wurtzitc«2S<?) 
III-V^#{**e**S'fb4J5^N>i**t*4 (Nitride Semiconductor materials ) 
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4 1 0~4 3 0 nm©$5ffl-CU-fi^U:o 

10 3>&K<Hai«:ftS!|-r&o El 1 0 AliOS I OBOE-E' Sff©^^^ 

m> ll««17!»M3©»^J:OfcKtfJ*»f^«:ll3HU ^te#l 2 Tit iij 

15 1 0 — 4 3 0 nm©SKHT?^--tFSfrftLfco 

<H»J5 > 

PI 1 IC C 3 £ -TSS 1 ±(Cfi5»Jx.{i'CaN ✓ < >y 7 r J9 2 , T > K - ? 

GaNJI13. T> K-^GalnN/AlGaN - D B R^ifeiiiKWJ^ 1 4 (DBR = 
20 Distributed Gragg Reflector ) , nMGaN ^tH^SEJi 3 **gSRfc&^So $ 

*>< o njfew i tiiiati 8 *-e^fiJtLfca?i^K^TT> k- 

yGalnN/AlGaN — D B R$8&i§i5l*t®l 1 5 tmmMtt 2>o D B R*JfeHRStlfi 
1 5»DBRi£AKItfil 1 4 tmm, W2i<DG a i nNiiA 1 GaNit^ 

S^f-fc^S!* S*§£. D B R^ii5fettJ^ 1 4 t 1 5 iT% Gain NJgRO' 
A 1 G a NSO'>^ < <h k—:£<Z>5c**&J5fcifc (G a : In^A! : G a ) 
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D B R^ig^KfcHBU 5<DRSt^*DBR*jSS5RWJSl 4 ©**U: Ofc< "tS 

v - p -b x cD^feB^ (cM£o 

Jl 1 2 9 ^fife^^o JtStfOD B R#f&i§&W8i 1 5 (i. <fe 

10 1 l A £D J: •oiZ-WtiL-tZ o p«litnOTS*I*lt, xh^-T:/ 

Ell 1 Al^«^»t8ffffi^^ (E3 1 1 BOF - F* #rffi) 0 

20 til DBR«jfi»ifUoT, SSSffi (DBR«JS!«R«tR 1 5©±M) © 
RW^9 5-9 9 %&±CDi^MStc££^i9:£-??£. 1 ^fc> 4 ICtfL*: 

$ < Tftfco HJfeffl 3 ©llt^KJfc^T. 4>t£ < £ *>RBffi««E£ 1/1 0 *^t> 1 / 

25 4 3 0 nm©$affl _ eu--9 t 'ilJfpL^o 
<««Sf|6 > 

ft*>*)K, ^«l«:A^a*Wurtzite«J£T*>l)S<S®^feA<(000l)C 
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io <HitefB]7> 

" Ell 2 AtC&l^T. «x.tf(0001)C ffi^#-r^-9-7 r ^T( a-Al 2 0 3 ) 
15 gfe 1 Jit; % GaN A77?@2, n^CaN ft^&JI 3 *-eW*ftKfttfBfifc£feK 
«fc*>*Sftfifcg"*-£. *ffl«s ^ttKKttfclfefcffllv;** 4 ©Eft 
- > 4 0 4 'J V ^7 7 ^ ix ? f i 0 5. cot** IfeTtKaBra* 
^toWMI?^? 4 ©Sf*J»l4ttfl- AliOi »«l<Z>(ll-20)AiE<fcffiStt 
:£ftl£tt5fe LTfe < o n^GaN ft^&JS 5 L«t2np].ic£# LT 

AlGaN jt^aBHUiiAJStGaN S^IMJgRtfGainN i?#Pl^^<£4ff*i 

^fif#pSft@ 6 . p §4 GaN %&mm ? zmfrwiZo wr??* 
mmm-?*? 8£&tt&o £^ piisiotnsisi i©/<* 

25 OthU **^7lc«te)* : f*$HliL-CEIl 2 Atc*-r*^«EWr® (H 1 2 B 
©G — G* Krffi) 
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Lfc*^«fcO fcfiMtrei'-'tffHBU MK*>tJ-S3fe«jftS4 10-430 
n m£>8EII"C : £> -5 fco 
<H»8 > 

10 1 3 A&tfB 1 3 BfcJ: 9 3MB *" So 3frf©ttS!!tt^ 

*^M&W©*6i»R^X* 4 ©«fc-?tc. g&8£SM 0<ZV<*- V?i]ICj:oT-?>] 
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ttfc. Bll 3 AtiHl 3 BXIiil 3 CCDH-H' Srffi^^^o 
<^»19 > 

5 *»W©fl!l*JfeW£EI 1 4 ARO'El 1 4 BilctOUfeBJt-^o ^©f^asttna 
«BIC^i:**<. Si 1 4 B t-^-T<k •? 4 ©i^ifcOflteSJRjftg 

tettx £<ldfem £!^«<D:7n-trx£&T\ Ell 4 Atc^JR^Wfffi (Ell 
4 B©J - J' BrBi) *»S 0 

' a 1 3 c k& Ltzmmm-**? Ltz^mm 8 <d^t ± o 

©t§*. H 1 3 C ic* LfclMMttT X * fegjg 8 O^dF-J: 0 'J>tt < t 

20 *|fii!B©ffellJteW*BI 1 5 ARO'EI 1 5 Bi:«fct)ttWt6o ^©fEHlfitt 
HJS#I9 icmi;*^ Ell 5 B ic^-r^ 9 *&»Blvx^ 4 ©P5«6©?fl*»lR 

^U^l»«fc-3jC«5»JRr*^-Lfco SI 5Ali, Ell 5B©K-K' Wrffi^r^ 

-To 
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10 Hg^lSi (Ell 5 Btc&tf &±T;£fr) fcffi#LfcttflSa<£<ottrt<£fc^ 
KJ:0s Ell 5 AO^lctiS^ntti^ •SlW^ifc^lK*-^- KSOfP^TOT- 

25 

l l > 
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5 #&©*<. £©8tfSS&©BW??&£o 

^TS&R3-r6rt<. JWIi©R», flP^«*RfifeS©»f?jgL@ati2llJBt±-Pt>«t 
10 fSWcS89$n4HSS©SHt. 8ilitIg»Jwtt#-$-5££=i;* h£©tt*)£i> 
^fOteWT^^Stef&J 1 4 i: L/— iritis fflK±«K:: 2 gJ:©^ 

m v x * . artb»¥*B*©*ta ^ & # a s*r 2 s«©a«BjcST?^jsJt-^- s 

SJB©fcttaBeE*< 1 0 4 -1 0 s /cm* eSffii-TSi:. ZSiC^ilvx^ 

^ iP^a^k«B^{*JK^©lll-VJR^ff*tt4 (Will GaAs. InP) 

C©<t 9 tt^^Jifc:fc#S*pefc&©ffittfcU *fjSLC«t 
KcfcSifcftjRRtf+r h 7 y ^ic«t SOT, ^^U- 

fclr. t7 7 -f7( a-AhOa) WbSSi© (0001)C®±{c. Eli 
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t2o©X h5-fW®MP§Pte£eMi*SM 0£*rr*llfe»A8^** 4 3rJfcJ& 
"T^o lfetlTXH©^h7^^U, t7 7-f7llt ©(ll-20)AffiiC^f{- 
$i^-r-2>«to{C^^tl-5o GaN '<-y7r«2 2, nMGaN jfcifti2 3 

jg^xiM net*, ife^fgvx^ 4®4 3 ^s(5 (ant.. 2*0xh7^^oiim 

SS4 2i<M$ntl^o Ctf)gBfl£S|U 20Xh7^m IfeH^X? 4(D 

n.&<t@&8tsi5 4 4 uz±*)mt>ftr^z> 0 

" 4 1 lz±i)WH ^m^m^m^rno nMGaN ^&^5, AlGaN 

15 3fc#$igJi;i**6Jl<tGaN mTI^M/l&O'GalnN JEtt^S^FJB^&ttSfftt^ 
^ll?#PSi4i 6 . p MGaN XM&m 7 , p SiGalnN =J > * ? h« 8 £-HS#: 

20 (Ell 6BOL-L' »rffi) Sr#6o BPfc. CO^SWii^i^XJ' 4 1 
KJBfifc£*i*:BM#aU 2<DX h 5 ^ ^Ni: L/-f7t^?6St 5ft«M?r 

{*jg (GaNi) 2 3 CDfc^XPS&Jg^ 1 0* ~1 0 s /cm 2 Ol^^feo 
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Xmmmtl 0 3 ~1 0< /cm 2 ©U-Ol/Kffi&T^o 

OS (SM$«M 2©-+&) ©W«S«-«fc»?3t*afe«5©(i**J«|-r-SC < !:*<t?*. 
^S2£M*8&£#f5£l*-£ Cik £/c?£;ity£1±S 6 C7>@^ 1 ~ 3 u m©S5BBK:lS: 

OU/3 —1/4 U*7?fi«T?*fco ttJ-lt* '&%:(D'<Jl'>7]£g:tz±V)J&f&Ltz 
"SfeT.k'JfcftMltJftSft^TfU— tfftf^U £filc*>tt£iagiifcfil±4 10-43 
15 0 nmC055KT*>-ofc<> 

*SGiteW©SB&«£:EI 1 6 ClzJzO&m-j-Z. ^©fEKW. _tx£<DE] 1 6 A 

«k OBI 1 6 C tCTjrfct -5 (eg 7 mJ- 8 fC 'J -y 5>x h ^{-JDX-T^o 'J -/ v 
20 'J y h v-f:/©M«l;:SB&Jg 1 2 4Mt4o Si&S 1 2 fcL S^fife&l-i 

iit^-ex7 4, 4 6 AoKsT-iEir*?**). *ii*j§i 2wgr^^ 

1 6 CliHl 6 BCL-L' ©rS^^-To 
25 Ell 6 CO&^-efcU 3£ft?gttJP6«&^fa(Cfc^T. U y V s X h ^ y^tc© 
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4 1 0~4 3 0 nmOSBiffc^^o 
<H»J1 2 > 

5 fca^flW*^ nS!GaN*2 3£T*S«*fcSL Ell 7 Afc*t1fe8fflh? 
X?4 1 CI^I^©^^ — '^-vWJl- 2 *^ 5 ' 3*OXh7'f^ 

<t^»©"7n-lrXl;:J:'K Ell 7 AUi^-r&^SH&rffi (HI 7 B£>M-M' Br 

tt. I?ai^^t^il4 10-4 3 0 nm©WL/-fl*^L/:o 

««6^JO»^J^S! 1 7 CiCitJttWT&o Z(Dm=?tt. 11 6 C2>&^£ 
Ell TAOmJfSlfcfeOT?**. **M6«{crpffiCaN.^ifeJi7 
20 ROip^GalnN h^8^rU -yi^X r^-T^^inXL. CO'Jr^F 

7>f^*©lTOliaiiSl 2*3Bfi)t«Ci:-(?Hl 7CiC*-r«WrB»5S«:W-r 

fco Sffl«-*J^r5BI5«S4 1 0 - 4 3 0 nmCD«BHTU— IfiftrPL 

/Co 

<Hl6te^l 1 3 > 
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7^ 4 1 ©BMSfiP (»□«) 4 2 tilfe«BS-7X* 4 - >± § 

ffi) &i#£o 

15 £-*HBJ*T?#fco ^sSHH*. tai:fc^t^S4 10- 4 3 0 nmCD&ffi-Tr 
*^Ote«©asmM«rBI 1 8 C«c<fc*>ttiMI-#-&o CKDSm*. Ell 7CO^i 

20 SI 1 8 C O^T-T'ti. P SiGaN 7 ©^Cfr®^ i'iy^f?^^ 

cfticfcO, $%,lcft«fe"CU-1f**We**J:^^ttO, HI 8 A 

•ofco ^S^ti. iSi:fc^t^iM4 1 0 - 4 3 0 nmO|aifl/-« 
25 L tz<> 

< nmm 1 4 > 

^B3£D{fe«^^™i-?>o *^©f*S!i astern iftsi 3{cse«©o-r 

Wurtzile«i6T**)lt«Bi*&C0001)C ifi©n8tflMKI*( «-SiO *fflO* c 
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*«*H»KLT**U B 1 6 A - 1 6 I 8 A — 1 CK**** 

10 SETitttS^fmSfc. ****** «filC*5^-C««ftfi 4 10-4 3 

is i^n©**w=*^fc. ********* 1 fmhi=#»K**«>te* 

^ 2 M^S^ J: o tiSftttW***^***^*** 3 3 

20 *3****^*fc*©**«** *©fa^©**<ra*3n***** 

©±® (BO^ aM*»«rl*<«B»> *2Jfc5cW^a-5*fcotci!£ALfc*3ffi* 
©*<k*¥***ft CGaNJi) ^©^tc^-t^ + v^^^-tt^ 
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o>WS.hmtm*mW&& (A l Ga I nN) KJ:Oft¥tt««£J&fifcLT^.So 
% 1 «ttlctt:fc;£B*<D— oT&SZinc Blende G a A s . I n P. 

InAs, GaSb, GaP, GaAsP, XliGa I n As^WSSS* 

SM^RSftae^l 0' ~1 0 M /cm ! ©SBBBT?*>5©K*tU 
«£!£fflLT&. 1 0'~10 ! /cm J ©fflSBBXtt-etllsiTJCig: 

20 fc«ftXM*<£&*^ :tit:ii«a*. »i*Mfcl=:J:S*»«. 



. PCT/JF96/02663 
WO 97/1 11 51 8 4 1 

tt*5, ^ttW©*^^^*****®******^ 4 10-4 3 0 nmO&ffl 
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5 irr 
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m * <D & ffl 

5 i *> -a {i±8B» 2 ©««± $ nr ^ * d d: i -r « *NSc<**mo 

25 ^4^M^A*a***©tt»*^fi*** M ** tC ^^^^^^^ 

11. ±E^tt*»*«>tt»+cff«E-r&^»*K til ° T cm ^ TT- *> 
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5 ttBMS*»<M&S3*U »BH*»Ct±E* 1 OflW t±E» 3 

±g5{cjgfi£^nri^-i^mi-r-5^(D$£ffl^ 1 2 Nicies*©* w&Mo 

1 9. ±SE1fc 3 < £ *> 2 J§©*NMWB£»Hi 

2 0. JMSSSttLk©***^*?^-^ SSafi^B5±K5fc3Mfc»«&£i&tf 



. , PCT/JP96/02663 
W0 97/B1518 4 b 

20 T^SCtWit^^^-^ 

25 t^pS Ki J: 0 fcJfc L fcJIl-tttt^M**™*^ £> * - t Zft® t f i> ¥ 
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27. m&vtmmz e^sea©*^^-^^^-^ s^gttiii 

5 2 8. st^CDSSBIS 2 OW^P-fi^lCfc^T^ 

A#Hi&©Wurtzi te^it^*> oT^®^S^(0001)C ®a\gSt(£(11 -20)A® 

2 9. ^©2518^2 8mie«l©^(*^— FSfrfJwfc^T* ffi2r&J&<(0001) 

( i - ioo)m® {- *t?f s ^isjKSKS-r set » t -r s ^ — ? % 

15 (000OC ffi*^^{A(ll-20)Affi^-r^^S-y-^ r-f T (a-Al 2 0 3 ) ttzte&t 
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